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DIAGONAL TENSION IN CURVED WEBS

By Pzul Kuhn and George E. Geiffith
SUMMARY

The englneering theory of incomplete dilagenal tension 1a plans
webs presented in NACA TN No, 1354 is genorslized in order to make
it avplicable to curved webs., Comparlsons are given between
calculated end experimental results for a nunber of stiffened cylinders
gubjected to torglonal loads. The results indicate that the theory
predicts the astresses to about the ssme accuracy for curved webs
ag for plane wobs. The falling stresses {n the stringers In curved
webs woere predicted conservatively in all cases.

INTRODUCTION

Lercnautical practice in the design of stiffened sheet—metal
structures has long been to vermit buckling of the shkeet except for
such restrictions es may be imposed by asrodynamic conslderations.,
When the sheet 1s subjected essentially to shear forces, the state
of stress that exists after buckling has taken place 1s known as
disgonal tenalon., The theory of diagonal tension in plene (ilat)
wobs wasg developed in considerable detail by Wesner (reference 1)
for the theorstical limiting case of fully developed diagonal tension.
For the practical and more general cese of partly developed plane
diagonal tension, theories of varying scope and refinement have been
given by a number of authors., The engineering theory of incomplete
plane diagonal tension given In reference 2 is semiempirical but
1s simple tc use and has a wide acope. ‘

A theory of dlagonal tension in curved webs has also been given
by Wagner, again for the theoretical limiting cace of fully developed
diegonal tengilon (reference 3). DBecause the curvature introduces
geveral complicatlons, Vagner was forced to make more restrictive
assumptions in the theory of curved webs then in the theory of plane
webs., These additional complications have greatly retarded the
development of & theory of Incomplete curved dilagonal tension. The-
Tirst attempt to develop such a theory was made by Wagner in reference 3,
where he susgosted the assumption that the shear stress in excess of
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the critical velue T ., 1s carried by diagonel tension. The resulting
theory is known to be unsatisfactory for plane shest and consequently

is inscceptable ae basis of a general theory. Schapltz proposed

a semiempiricel theory (reference U4) but did not furnish the emplrical

data required to develop 1t. His thoory 1s also bagsed on an assumption
essentially equivalent to that of reference 3, although Schapitz states
in passing that a different physical action is guite concelvable.

In the pregent paper, a semlempirical engincering thecory of curved
diagonal tension 1s obtained by generalizing the thoory of plane diagonal
tenaion presented in reference 2.

SYMBOLS
d gpacing of rings, incheg
h gpacing of stringers; inches
k diagonal-tension factor
q shear Tlow, pounds pef inch
t thickness, inches (without subscript signifies thickness of
web)
A cross sectional area, square inches ,
D flexural stiffness of panel per unlt length (:%—jgii——iz>,
12(1 - u?)

inch-pounds

E Young's modulus of elasticlty, kel
R radius of curvature, inches
2 y—>s 2 —
Z curvature parameter ht ;/ 1 - _u?' or 4z ',/1 - 1”) (Uge
Rt Rt ,
whichever 1s smeller of h or 4.)
o angle of diagonal tenslon, degroes
€ normal strain

M Poisson's ratio
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KACA TN No, 1481

o normal stress, kel

T shear gtress, ksl

o) radius of gyration of crogs gection, inches
A correction factor for sllowable shear stress
Subscripts: -

all allowable

cr . . critical

8 efféctive

max maximim

T dlagonal tension

POT purce diagonal tension
RG ring

S chear

ST gstringcr

Speclal Combinations:

k criticel.chear--stress coefficlent, establlshed by geometry
of pancl end type of edge support

"pasic" alloweble compreasive stross for forced cripnling
of stiffeners (valid for stresscs bslow sroportional limit
of material), ksi

T*éli "bacic" allowable shear stress, kai
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TNGINEERING THEORY OF CURVED DIAGONAL TTNSION
State of Stress before Buckling of Sheet and
Oalculation of Buckling Stress
When & estiffeued cylinder is aub jected to torque loads avplied
at ths ends of the cylinder, a uniforn ghear flow g 1n eencrated
in the sheet (oxcept near the ends)., No stresces oxist in tho

stiffeners or rings untll the sheel begine to buckle,

According to reference 5, the g:reas at which the ghect buckles
1s given, if h 1s swaller than @&, by the formula

'
(o]
E
vl
(o)

N
P
=8 . (1)

12R77.”

1 4 is gmaller than h, then d replaces h in the Tormula.
The coefficlent kg 1o glven in figure 1 as a function of Z, This
theoretical formuls agsunes that the edges of the panel &re ginply
supported, whereas actually the edges of panels are riveted to
stiffeners or rings. However, the agreement votween exverimentally
observed buckling stresses and otrcsscs predicted by formula (1) is
good, es shown in reference 5 and agaln contirued by the tests made
in the present investlgation, Formula (1) was thereilore used to
evaluate the tests to be described subsaquently hereln erd 18
vecomended for use in stress analysis, A reduction factor might

be necessary when the thickness of the ghiffencr (or the ring) is
appreclably less then the thickness of the sheet. For flab gheet,
guch a reduction factor was glven in vefereuce 2. TFur sheet with
sppreclable curvature, the reduction appeers to be less than that for
flat sheet, but the availsble data are insufficicnt to werront oven
tentative recomuendetlons for a reduction factor. A gubgtantial
reduction factor is probably necessary when the gheet 1s very thin

(t < 0.020 in.).
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- State of Stress after Buckling of Sheet

When the torque increases beyond the magnitude that produces
a shear stress equal to T,, in the sheet, the sheet buckles and
bogins to carry the shear flow partly in diagonal teonsion. This
action produces compressive forces in the stringers and in the rings,

" and the corresponding stress system may be coneldered as the primary

stress system in the twisted cylinder. The stiffeners, and to a
legser extent the rings, are also subjected to bending loads; the
stresses caused by these bending actlions may be considered as a
secondary stress system and will not be treated 1n this paper.
Deviations o' the shoet stress from a uniform average stress might
also be classified as belonglng to the secondary stress system,

The engineering theory of plahe disgonal tension given in
reference 2 is based on the assumption that the shear flow g acting
on the gheet can be divided into o diagonal-tension part Uyp end

a shear part de by writing

- Gpp = X4

4

(2)
qg = (1 - x)a

The frection k specifies the degree to which the diagonal tension
1g developed; when k = O, there 1s no diegonal-tension action,
only shear sction in the sheet; when k = 1, the dlagonal tension
is fully developed and the laws of pure diagonal tension apply.

" The compressive forces in the stringers and rings are caused by the

disgonal—tension component kq of the total shear flow q.

The value of k 1is given by the empirical Fformula

' £d T
k = ten h| (0.5 + 300=) log,n — (3)
(: R&) 10 Ter

When R~—> ©@, the formula reduces to that given in ref‘erencet for
plane diagonal tension. When the value of the constant 3OQ§§ his

been computed, the value of k for any desired value of T/r.,. may
be read from figure 2, which is a graphicel progentation of formula (3),
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According to the theory of re erence 2 the stress in a stringer
1s given by C

S k+ cot o ' |
[v3 = . (u)
ST - Agp

. ==+ 0.5(1 -k
o + 0.5( )
and the strees in a ring by
' kT tan a '
R¢ = T A —= (5)
G + 0.5(1 -

at

For convenience, the minus signs on Ogp and  op. will be omitted

in this paper. TIn strese snalysis, ther must be retained to ensure
the proper combination of these stregses with others not arising from
disgonal—tension action,

For plane diagonel tenslon, the theoreticsl calculationg made by
Levy and his collaborators and discussed in reference 2 show that
the compressive stress In a stiffener i not wniform but has a
minimum velue at the ends of the stiffener and a maximm value in
the middle. The maximum value 13 used to estimate the resistance of
the stiffener to forced crippling induced by the shear dbuckles in
the sheet. For curved diagonal-tension fields; the maximum stresses
may be estimated by means of the formulas

bl

vhere the values of U,  and are those obuainpd from formulas (4)
. : ST G asr Ona

and (5), respectivoly, and the, retios . ——M8X and -—J0AL are
o - %1 el
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obtained from flgure 3, which is figure 10 of reference 2. The
theoretlcal calculations on which figure 3 is baszsed were mede for

plane beams in whlch the ratio of flange area to web area ls very large.
This condition 18 generally not fulfilled for cylinders; the accuracy
of the results obtalned when figure 3 18 used for cylinders may -
therefore be expected to be less than when it is used for plane

beam webs.

The anple o between a generatrix of the cylinder and the
direction of the diagonal tenslon is gilven by the formula

€ - &
ten“a = N -/ (&)

€ —Cpg* @%‘;(1%)2

where ¢ 15 the straln in the sheet a2long the directlion of the ﬁiagonal

tenslon, ¢ = —gg 1s the straln in the stringer, and epg = ~5G is
ST B

the strain in the ring. The strain € in the shect 1s glven by the
formule,

I ¢ = % (;—25—- ' gin 2¢ (1 - k}{1 + ui} (7)

gin 2a

which can bo eveluated with the ald of figure 4. (Note that cgn
and tpg are Inherently nerative when they arlse from the stresses

g and o given in formulas (&) and (5).)

ST RG
Formlas (&), (5), and (7) are analogous to the corresponding

formulas for plane diagonal tension, Formula (&) differs from the
corresponding formula for plane diagonal tension by the term contalning
vhich disappears for flat sheet. This term conatitutes an allowance for
the fact that the clrcular cylinder after buckling tends to apprcach
a polygconel cylinder, the sheet pullling flat from stringer to stringer
(reference 3). The ccefficlent 1/24 is the theoretical czcefficient
for fully developed diagonal tension. Theoretlcally, the coefficlent
should be less than 1/24 untll the ratlo of applied load to buckling
load approaches Infinity. Test observations indlcated, howsver, that
the flatiening proceeds very repldly, and trial calculations showed
that the begt agreement with the test data was obtalned by using the
full value of the coefficient. The use of the full value of the

P
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coefficient immediately after buckling is also cupnorted qualitatively
by the test observation, contalned in roference 6, that the shear
gtrain of a curved sheet panel generally shows & large instantaneous
increase whon buckling taekes place.

Bocauge formilas {4) to (7) are interdependent, they mmst be
gclved by successzive approximeticon. A value of a 1o estimated;
¢gp and ep, are caleuleted from formulas (&), (5), and (7], and the
resulting values are uged to calculato &n immroved value of <« by means
of formula (5); the process 1s repeated untll the caleulated volue
of @ is sufficiently close to the assumed value. Tormally, no

more than three cycles of the computatlon arc necensary.

A first estimate of the angle @ may be made by moans of the
formula -

@ Gy = (8)

B ” 37}
with Opyp talon from figure 5 end the ratio -~~~ Irom Figure O,
vy ,
The angle %oy is the inclination that the folds would take at the

glven load if the sheot were in a state of vure disponal tension, a
condition that could be realized theoretically if the shoet were
divided into a lsrge mmber of laminae free to slide over sach cther.
(such a division would destroy the bending stiffncgs of the cvhect
without affeciing the extonsional gtiffnose.) The cuwrve shown In
figwe 5 was obtaincd by solving a transcendental equation for Oppyp

that can be obtained From equatiocns (&) to (7) on the essumption that
the etirfening ratics AST/ht and ARG/dt are equal. In practice,

these retios will probably not be equal, but the curve may e used to
cbtain a first approximation. The cuvrve ghown in Tigure & 1s computed
for one specific cylinder in which both stiifening ratlds are equal

to unity. This curve lies about in the middle of a gcatter band formed
by the curves for a number of cylinders within the practical renge of
proportions. Tor the cylinders and gurved.-reb beams cnalyzed in the
exporimental part of the present investigetion, the angle o estimated
by means of formula (3) differed from the angls calcuwiated by suscesslve
approximation by less than 2% in most cases, with a mexlmum difference
of ebout 3°. : ‘
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Ultimate Strength of Sheet

The ultimate strength of +he sheet can be estiﬂated by means of
the empirica] Tormila R ‘

L T =T all (o.6r5ﬁ+ INE | (9)

IS AN
¢

whore T¥ ., 1z a "basic" allowsble rhear stress, teken from figuro 7

for 245.-T aluminum alloy, and
) Ao )
= 0.3 tenh ==+ 0, 1 tani b’-+- A 6 1)

The value'of A:’can be bbﬁainéd Irom the graph in figure 8.

The chart for"f*éli (fig. 7) was constructed es follows: The

‘top curve for appp = 45° is the empirical curve for {lat sheet and was
" taken from figure 1i(z) of reference 2. Values of T*.qp for fully

‘:developed diagonal tens*on (k = 1) were computed for various values
- of “FUP on the besig of the Fundamentel formula fnx sheet tenslle

stress

- .

DT gin P_CLPDT

The curve of T * all againet k was then constructed for'eéch value
of aPDT on the aesumption that the difference between the curve sought

and the curve for o, = h’o wag proportional to k. Equation (10)

for the correction factor A 1z an empirical expression based on an
analysls of the available test data.
Ultimate otrength of S‘linpers , .-

Referenco 2 li ste Tour conceivable types of gilffener failures
in plane shear w:be ag Tollows:
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(1) Column faillure

(2) Forced—crippling failure

(3) Natural <rippling failure -

() General elastic instability of entire system

The seme types of failure are conceivable in curved shear webs. In
curved webs, the stiffening system is probebly always located on the
inside of the curve; the following discussion 1s therefore confined to
single stringers and rings.

Column failure.— Column failure may be expected to take place
when the stringer stress ogp equals the column-failing stress of the
stringer section as determined for a slenderness retio of d/2p. This
rule given in refercnce 2 for plans webs 1s conslstent with the |
consideration that the stringers in curved webs will probably tend to
buckle inwerd as & result of the radial force exerted by the diagonal
tensicn, and the bracing action exerted by a plane web (reference 2)
" ig then abaent; on the other hand, the stringers are usually continuous
over several bays end may, therefore, be consldered as fixed at each
ring. (Whon the stringer is not continuous, as in an end bay, an
appropriate reduction mst, of course, be made in the allowable stress.)
Moorés and Wescoat sugsest in reference 7 that the allowable stress be
teken as that obtalned by testing the stringer flat-ended, with a length
equal to the ring spacing. Carefully mede flat—ond tests are known to
give restraint coefficients of 3.75 or somewhat higher. The rule of
Moors and Wescoat is therefore sliglitly more conservative than that Just
given, which implies a restraint coefficient of 4,0, but the difference
is well within the probable scatter limits of diagonal-tension tests;
the direct uge of test data implied by the rule also ensures that twisting
failure of the stringera is taken into account, a factor that might be
overlooked when colunn curves are ussd.

Forced—crippling failure.— Failure of a stringer initlated by
forced crippling mey be expected to take place when the maximm stringer
stress O Tmax becomes equal to the allowable stress given by the

[t
o, = 28k -—Sg (12)

If o. eoxceeds the proportional limit, the compressive stress corre—
spond?ng to the strain oo/E should be used as allowable value.
If k < 0.5, an offective value defined by .

emplirical formula

ko = 0,15 + 0.7 &k (13)
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should be used in formula (12). Because the allowable stross is a

function of the load, the predicted failing load must be obtained as
the point of intersection of the curve of stringer siress ST, ax agalnst

load and the curve of allowable stringer stress o, sgainst load.

A1l of these formulae for Torced crippling ave taken directly from

- reference 2.

Naturel-crippling failure.— The term "natuval-crippling failure"
1 used herein to denote & fallure of the stiffener caused by compregslve
stresses alone. TFailure by forced crippllng probobly always takes
place before failure by natural crippling can occcur, but the existing
knowledge is too limited to permit a poslitive statement on this question.

General elastic instabillty.— An empirical formula for general
elastic instabllity was glven recently in reference 8

Ultimate Strength of Rings

Only a few ring fallures were cbserved In the avallable tests,
and they were definitely secondery fallures; consequently, no procedure
for strength snalysis can be recommended at »regent. The fTollowlng
sugaestions may be made: N

(1) Rings rivoted to the skin are susceptible to forced crippling
and should be checked by formula (12).

(2) Rings notched out to pess the stringers through should be
checked to insure that the net section of the notch 1s safe agelinst
local crippling. (The net section mugt cerry the entlre compressive
force acting in the ring and hes therefore e mvch higher stress than the
full section of the ring.)

EXPERIMENTAL INVESTIGATION

Test Specimens

The test gpecluens consisted of elght 30-inch-dlamcter cylinders
of 2L4S-T aluminum alloy, reinforced trangversely by rings and longl-
tudinally by 12 equally speced stringers. Double stringers were used
on these cylinders in order that stringer bending stresses might be
eliminated by suitable averaging of the straln readings. Detalled
dimensions of the cylinders are given In table 1, and portinent details
of construction are shown In flgures 9 and 10.
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Additional test data wore obtained from reforences 7 and 9 and from
unpublished NACA datea. :

Tegt Procedure

Fach cylinder was secured at one end to = rigid support whille
torque was applied at the other end through a steel frame loaded by a
hydraulic Jack. In order to insure uniform distribution of the load,
a8 lerge circular steel head was attached to the loaded end of the
cylinders. The weight of this steol head was counterbalanced so that
the cylinders were not subjected to bending loads.

Stringer stresses were computed from measurements with Baldwin-—
Southwark SR-4 resistance—type wire strain gages, types A-1l, A~5, ond A-12,
with gage lengths of 13/1€, 1/2, and 1 inch, respectively. All gages
were used in pairs, one gage on the outer Tlange of each commonent
gtringer, in order to eliminate (or minimize) the effects of locel
bending. A fairly large number of gages (an average of 58 per cylinder)
were used at a number of statlions over gseveral bays so that a reagonsable
approximation to the average stringer stress would be obtalned. Ring
stresses were computed from measurements with SR gages, types A~l
and A-12, applied to tho ring web at the mean radius line of the ring,

Crlinder 7 was accidentally loaded before any gage readings were
recorded to a point where smell buckles appeared in the skin. As
indicated in reference 10, the valuve of the buckling stress T.,, Was

probably reduced a small amount'(approximately 5 percent or less) by
this preloading.

Cylinder 1 was loaded by a torsion g that was found to have
insufficlent throw and started to bind at about 93 percent of the
ultimate lozd. Tor the remaining tests, a new jlg wes ugsed.

Regults of Strain Mezsuremonts

Figure 11 shows the stringer stresses obtained from the strelns
meacured on the 8 cylinders of the present investigation ag well as the
stresses computed by means of the propoced engineering theory. Ag
mentioned in the section "Test Procedure”, streins wers moasured by
pairs of gages at about 29 gtations in cach cylinder., The average
strain in any one pair of gages, multiplled by Youg's modulus,
represents the comprossive atress in the stringer at that statlon, sub Ject,
however, to errors introduced by locel buckling of the stringer, The
lowest and the highest velues of this stress for each cylinder are

#
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Indiceted by tho tick marks terminating the horizontal line drawn for

each lond. The over-all average (that Is, the average for all 29 stations)
15 indicated by a circle, The agreemont betwesn the computed curves

and the circlom 1s consistently very close for the cylinders with

sqguare skin panels (d = gi; for the cylinders with long skin panels

<

(d = R), the agresment 1s not so conalsbtent, although ressonably’
satisfactory excopt on cylinder 5, The horlzontal lines with their tick
marks shcow that 1ndividual stresges can differ greatly from the average
velue as the combined reswlt of varlatlon of compressive force along the
length of the atrinpger, secondary bending, and local buckling.

The ring stresces measured on the elght cylinders are shown in
flgure 12. Ag mentloned previously, the straln gages were attached to
the webs of the rings at the wean radius. Because the neutral axis
does not colncide with the meun radius, and becousc the total number of
gages used on the rings was relafively smgll, the neasured ring stresses

 can be considered only as & rough cpproximation to the averape compressive

ring stresac.

Stringer streases for the cylinders tested by Moore and Woscoat
{reference 7) are shown in figure 12. These cylinders had proportions
similar to those of the cylinders tested in the prosent investlgation;
the maln diffcrence was that single stringers of inverted ..gsction
were used (on the outslde of the cylinder) instead of double stringers.
The number of strain pegses used In the tests of reference 7 was much
smaller then in tho present investigation. Tn addition, it must be
remembered thet rigld-body strain geges, such ac the Vhittemore gages
used by Mocre and Weecoet on specimeng 20 ‘and 21, measure not only
the compregsive gtrain but also the geometric ghortening tetween gage
points induced by bending deflection of the stringers. In view of
these faects, the cgreement between computed and measured stresses may
be consldered satistactory. -

Comparigon of figures 1) to 13 with fipure 17 of reference 2 indicates
that the arreement between measured and calculated stiffener stresses is

of the same order on cylinders as on plane-web systems.

Ultimate Strength of Sheet

Beforo the exverimental evidence on the ultimats strength of -
shests can be: presented the design chart of figure 7 requires some
discusslon,

"Ag exnlained in the' nrescntation of figure 7, thc char+ 13 derlved
from.an emnlrical eurve for flat sheet taken from reference 2. Inspection
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of the relevant figures in reference 2 will sghow that two curves are
given for cach material, one for webs on which the rivet heads bear
directly on the shect and one for webs on which the rivet hcads are
geparated irom the sheet by heavy washers or by ons leg of the flenge
angle, The curve for the first condition ig about 10 percent lower
than that for the second condition and was used as basgls for deriving
the curves of T*,1{7 in flgure 7, becauvse the most cormon use of
curved webs ig on the outelde of the alrcraft structure where no washers
would nermally be used under the rivet heads. In all but one of the
available tests, however, the second condition prevailed. In the cylinders
used in the present investigation, the skin joints were underneath the
double stringers shown in figure 10; in the curved-web beams described
in reference 9, tho edge of the web was sandwiched between the flangs
angle and a strap of aluminum alloy. Consequently, the test results
were not evaluated on the basis of the chart given in figure 7, but on
the basis of a similar chart derived from the anpropriate {upper) curve
for flat sheot given in reference 2, '

The experimental data examined included the results from the present
invegtigatlon and fromrofcerences 7 and 9, some unpublished deta on
beams simllar to those of refoerence 9 except that the rings were flat
bars instead of formed Z--sectlons, and unpublished tests on two cylinders
of 15-inch diemeter. The construction of these two cylinders was such
that the chart of figure T was applicable.

The data on the web failures experienced in the present investi-
getion are given in table 2. (Predicted falling torques have been
corrected to actuel sheet properties.) If cylinder 1 is disregarded,
the average ratioc of actual to predlcted strength ls about 1,05, with
a scatter of about }0,04. Since the indicated failing load on cylinder 1
vas In error due to bindlng of the loading Jig, the actual failling
load wag undoubtedly higher than the Indicated one, although 1t 1s
quegtionable whether the error wae es large as 10 percent., It is possible,
therefore, that the strength prediction would have been somewhat
unconsgervative compared with the true ultimate strength.

On one of the 15-inch cylinders & web fallure was experienced with
a ratlo of actual torque to predicted torgue of 1,07,

For 11 wed failures on beamsg such as thoge described 1n reference 9,
the average ratio of actual to predicted strength was about 1.05, with
a scatter of about *0.08, The scatter band for the beam tests is
therefore twice as wide as for the present cylinder tests.,

For the tests on plane-weh beams discugsed in reference 2, the
“ratio of actual to predicted strongth was about 1.07  0.06; the
accuracy of strength prediction 1s therefore sbout the same for
curved and for plane webs. -
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Not included in the analysis wcre two tests (one 15-inch cylinder
and cylinder 15 of resfersnce 7) in which shect failure took place in an
end bay. Tests of beams with planse webs indicate that it ib very difficult
to realize more than about 90 porcont of tha woeb strangth unless the
end tays are reinforced by doubler shsets, and much lezs may be realized
unless ths end uprights are very carsfully proportioned,. Inm cylinder 15
of reference 7, only 63 percent of the predicted streryth wos realized
a8 a rosult of sheet Pailure in the end bay (table 2).. The introduction
of a torque into the end of e c¢cyrlinder probably requirss a doubler sheet
if the full strength of the cheet 1s to Te realizod.

Ultimate Strength of Strinzers

Table 2 gives ultimate torques predicted nn the assumption that
the stringers fall elther by forced crippling or by colum action,
Comperison of the vredicted with tle actinel failing torjues, also
glven In the table, shows that the strength predictions vers always )
conservative, The ratio of actual to predicted streagth ranges from 1,06
to 1,89 for the cylinders in which the atringoros failed, For a largo
number of tests cn plane weba (reference 2), the average ratio was 1.2,
and only in a very few tects was the ratio 1.4 exceeded apprecisedly,
Table 2 shows thrse tests out of seven with e ratio apyrecisbly larger
than 1.4, This vesult indicates either that the predicted meximum
stringer astresses in curved webs are tco high or thet ths allowabls
streagses are higher than in plane webh systens,

In passing, it may be ncted that for all ths cylinders in table 2
the calculations predicted correctly whether the failurs wonld be
stringer or sgheot failure,

Checkes for general elsstic instability by ths metli~d of refer--
ence 3 showod thet the cylinders of the present investigetion had
extremely large marging againgt failure of this type, Ior the
cylinders of refercnee 7, the margins were smallesr, but still positlve,
with a minlmum margin of ebout 20 percent.

CONCTIISIONS

An engineering theory of (incomplete) curved dimgonal tenslion,
obtained by generalizing a previously published theory of plane dlegonal
tension, ls presented togetiier with pertinent test data, Analysis of
the test data by the proposed theory indicates that, for curved webs,
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1. The (primary).compressive stresses in the ctiffeners and rings
were computed by the theory with about the same accuracy as for plane
webs.

2., The falling stresses of the sheet wore predicted with ebout
the same accuracy as for plane webs.

3. Thé feiling stresses of the stringers were predicted
conservatively in all ceses, more conservatively and with more
gcatter than for plane webs.

Langley Memorial Aeronautical TLaboratory :
National Advisory Committee for Aeronautics
Iangley Field, Va., August 15, 1947
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